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Purpose: This study is to research antioxidative effect of ascorbic acid (vitamin C) 
and astaxanthin on ARPE-19 cells within an oxidative stress model induced by 
endogenous (hydrogen peroxide) and exogenous (ultraviolet B) sources of reactive 
oxygen species (ROS). 
 
Methods: 0, 0.1, 0.2, 0.4, 0.6, 0.8mM of hydrogen peroxide and 0, 20, 40, 60, 80, 
100mJ/cm2 of UVB were treated to ARPE-19 cells to find sublethal and lethal dose 
of each source. 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide 
(MTT) assay and 2′,7′-Dichlorodihydrofluorescein diacetate (DCFH-DA) assay 
were done to examine cell viability and intracellular reactive oxygen species level 
change. With the sublethal and lethal dose of each inducers, 0-750uM of ascorbic 
acid and 0-40uM of astaxanthin were treated to examine their antioxidative effect 
on the oxidative stress induced ARPE-19. 
 
Results: Ascorbic acid and astaxanthin had antioxidative effects on ARPE-19 cells 
by significantly increasing cell viability and reducing intracellular reactive oxygen 
species level after oxidative stress induction. 500uM ascorbic acid increased the 
cell viability 27% and 14% respectively for 0.2mM and 0.4mM hydrogen peroxide 
and 17% and 12% respectively for 20mJ/cm2 and 100mJ/cm2 of UVB. The 
 
 
increment was due to its antioxidative effect considering decreased intracellular 
ROS level. Astaxanthin also showed a antioxidative effect but extended time 
period of time was needed for it to act. 30 hours of culture with 90uM ascorbic 
acid and 20uM astaxanthin increased the cell viability from 75% to 129% when 
exposed to 0.2mM hydrogen peroxide.  
 
Conclusion: Our data suggest that hydrogen peroxide and UVB-induced oxidative 
stress model of ARPE-19 could be used to examine antioxidative effect of 
compounds of interest. Ascorbic acid and astaxanthin can be strong antioxidants 
and the mixture of the two compounds can have synergistic effect.  
 
   ……………………………………… 
keywords: Antioxidant; Ascorbic Acid; Astaxanthin; Oxidative Stress; Retinal 
Pigment Epithelium; Retinal Disease. 
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목적: 과산화수소로 세포 내부에서 발생한 산화스트레스를 재현하고 
중파장 자외선으로 세포 외부의 산화스트레스를 재현한 모델을 사용하여 
아스코르브산과 아스타잔틴이 망막색소상피세포에 항산화 효과가 있는지 
알아보고자 하였다. 
 
방법: 0, 0.1, 0.2, 0.4, 0.6, 0.8mM의 농도의 과산화수소와 0, 20, 40, 60, 
80, 100mJ/cm2 세기의 중파장 자외선을 처리하여 세포의 생존율과 세포 
내의 활성산종의 농도 변화를 측정하였다. 세포의 생존률은 MTT assay, 
세포 내의 활성산소종의 농도는 DCFH-DA assay를 통해서 측정하였다. 
두 산화스트레스 유발인자의 치사량, 준치사량의 조건에서 0-750uM 
농도의 아스코르브산과 0-40uM 농도의 아스타잔틴을 처리하고 세포의 




결과: 아스코르브산과 아스타잔틴을 처리했을 때 과산화수소와 중파장 
자외선으로 인한 세포의 손상이 유의하게 감소하였다. 0.2mM와 0.4mM의 
과산화수소를 처리했을 때 세포는 각각 80%, 69%의 생존율을 보였다. 이 
조건에서 500uM의 아스코르브산을 처리했을 때 각각의 조건에서 
생존율이 27% 14% 증가했다. 20mJ/cm2, 40mJ/cm2 의 중파장을 세포에 
처리했을 때 85%, 65%의 생존율을 보였고 이는 500uM 농도의 
아스코르브산을 처리했을 때 각각 17%, 12% 증가하였다. 각 조건에서 
세포 내부의 활성산소종의 농도가 감소한 것을 토대로 세포 생존율의 
증가는 아스코르브산의 항산화 효과에 기인한 것으로 판단된다. 
아스타잔틴도 마찬가지로 항산화 효과를 나타내어 세포의 생존율을 
증가시켰지만, 아스코르브산보다 긴 처리 시간이 필요했다. 세포에 
0.2mM의 과산화수소로 산화스트레스를 유발하고 90uM의 
아스코르브산과 20uM의 아스타잔틴을 30 시간 동안 같이 처리했을 때 각 
약물의 단독 처리보다 향상된 효과를 보이며 75%에서 129%로 세포의 
생존율을 증가시켰다.   
 
결론: 과산화수소와 중파장 자외선으로 유도된 망막색소상피세포주의 
산화스트레스 모델이 항산화 후보 물질의 효과를 실험하는데 타당한 것을 
밝혔다. 아스코르브산과 아스타잔틴이 이 모델에서 항산화 효과를 
나타냈고 아스타잔틴은 항산화 물질로 작용하는데 수용성 환경에서 
아스코르브산보다 긴 처리시간이 필요한 것을 밝혔고 아스코르브산과 
아스타잔틴을 혼합하여 처리하면 각 약물의 단독처리보다 뛰어난 항산화 
효과를 나타내는 것을 확인하였다.    
   ……………………………………… 
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There have been studies regarding the effect of oxidative stress on retinal 
diseases. Age-related macular degeneration (AMD), known to be the leading cause 
of blindness among the elderly population throughout the world [1], is closely 
related to increased reactive oxidative species (ROS) [2-8]. Oxidative damage 
accumulation, decreases of antioxidants capacity, and efficacy of the repair system 
occur as people age and this results in the dysfunction of retinal cells which 
eventually leads to various types of cell loss [6]. In addition to AMD, glaucoma 
pathogenesis is also susceptible to ROS [9-13]. In vitro and in vivo studies with 
hydrogen peroxides revealed that it plays a pathogenic role in glaucoma including 
alteration in cell adhesion, integrity, ganglion cell death, and damage to DNA [14-
16]. 
As the relationship between ROS and various retinal pathogenesis have been 
studied, defense mechanisms against ROS have been also studied [17-22]. 
Organisms have defense mechanisms against oxygen metabolites and the 
mechanism includes removal of free radical by enzymes, proteins, and pro-oxidant 
metal reactions, and reduction of free radicals by antioxidants (vitamin C, vitamin E, 
GSH) [17]. Autophagy has been studied to be also part of antioxidative processes. 
Autophagy can directly remove ROS and reactive nitric species out of the cells, and 
it can also selectively remove oxidized molecules decreasing their toxicity to the 




with each other and form a complex antioxidant cycle which helps to keep the 
steady-state of antioxidants and prevents the deprivation of them [24]. 
Studies have found that with aging, endogenous antioxidants level [25], and 
antioxidant enzyme activity along with its gene expression and protein level decrease 
[26]. This alteration in the antioxidative defense system worsens the imbalance 
between ROS production and its removal. As a consequence, oxidatively damaged 
macromolecules including lipids, DNA and proteins accumulate accelerating the 
aging process with oxidative-stress induced aging [27]. 
For this reason, it becomes more important to maintain the antioxidant defense 
system and one way is to supplement antioxidants from an outer source. 
Supplements actively studied for their antioxidative effect are ascorbic acid (vitamin 
C), glutathione, alpha-tocopherol (vitamin E), and other carotenoids (i.e. astaxanthin, 
lutein, beta-carotene) [28-30]. One frequently used way to evaluate their antioxidant 
activity is by studying their reactivity with free radicals and metal ions (DPPH, 
ABTS, FRAP, CUPRAC, ORAC, HORAC, TRAP) [31-34]. However, giving them 
enough credence for their antioxidant capacity assumption is often controversial 
since one same antioxidant can have a different relative capacity to other 
antioxidants when measured with different methods [35-40].  
For this reason, it is necessary to study potential antioxidants’ capacities and 
properties based on a solid oxidative stress model. A solid oxidative stress model 
portrays the biological environment well so that a more accurate assumption is 
possible, and the result is reproducible. Hydrogen peroxide [41-43] and ultraviolet 
B irradiation [44-46] have been studied to establish an oxidative stress model within 




and ultraviolet B represents an outer source of oxidative stress to retinal cells. In this 
study, both hydrogen peroxide-induced oxidative stress model and UVB-induced 
oxidative stress model will be used to evaluate the antioxidative potential of ascorbic 
acid and astaxanthin. 
Ascorbic acid and astaxanthin are known to have antioxidative properties [47, 
48] and they are studied under AREDS (Age-Related Eye Disease Study) and 
CARMIS (The Carotenoids in Age-Related Maculopathy in Italians Study) 
respectively for their effect on AMD patients. However, there have been 
controversies regarding their effect on cells under oxidative stress. In this study, their 
antioxidative potential and properties to be concerned when they are used on cells 
will be studied based on a solid antioxidative stress model using both hydrogen 




2. Materials and methods 
 
2.1 ARPE-19 cell culture 
ARPE-19 cells (American Type Culture Collection, Manassas, VA, USA) 
were cultured and maintained as a monolayer in 1:1 mixture of Dulbecco's Modified 
Eagle’s Medium and Nutrient Mixture F-12 (DMEM/F-12) (Invitrogen, Gibco, 
Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS) (Invitrogen, 
Gibco, Carlsbad, CA, USA) and 1X penicillin-streptomycin (Invitrogen, Gibco, 
Carlsbad, CA, USA). Cells were incubated at 37°C in a humidified 5% CO2 
incubator in the complete medium with 2-3 times a week change until they reach 80% 
confluency. Then the medium was changed to a serum-free medium and cells were 
either passaged with 0.25% trypsin-EDTA (Invitrogen, Gibco, Carlsbad, CA, USA) 
or frozen and stored in -80°C deep freezer. Cells used for this study were in a passage 
between 25 to 30. 
 
2.2 Hydrogen peroxide exposure procedure 
Cells were seeded in a 96-well plate with a density of 2.5x104 cells/well and 
allowed to attach to the bottom of the well and to become confluent overnight. The 
next day, the medium was changed to serum-free medium and cells were maintained 
in it up to 7 days until the day of the procedure. 30% (w/w) hydrogen peroxide in 
H2O containing stabilizer (Sigma Aldrich, St. Louis, MO, USA) was used to make 




the cells was changed to serum-free DMEM/F-12 without phenol red (Invitrogen, 
Gibco, Carlsbad, CA, USA) with the desired concentration of H2O2. 
 
2.3 Ultraviolet B irradiation procedure 
Cells were seeded in a 96-well plate with a density of 2.5x104 cells/well and 
allowed to attach to the bottom of the well and to become confluent overnight. The 
next day, the medium was changed to serum-free medium and cells were maintained 
in it up to 7 days until the day of the procedure. At UVB irradiation, the medium 
was changed to DMEM/F-12 without phenol red without serum. As a UVB source, 
() lamp was used. Its irradiation intensity was 0.2mW/cm2 when measured () cm 
below the lamp where the plates were put. The intensity was measured with a UVB 
meter (). Cells were irradiated with intended doses of UVB and for the control group 
and differential dose of UVB irradiation, remaining wells in the same plate were 
thoroughly masked. 
2.4 DPPH ROS scavenging assay 
Total antioxidative capacities of ascorbic acid and astaxanthin were 
estimated using DPPH (2,2-Diphenyl-1-picrylhydrazyl) ROS scavenging assay as 
previously described41. DPPH solution was made by dissolving DPPH in methanol 
to 0.16mM. Ascorbic acid and astaxanthin were dissolved to various concentrations 
in either dimethyl sulfoxide (DMSO) (Sigma Aldrich, St. Louis, MO, USA) or 
phosphate-buffered saline (PBS). 20ul of ascorbic acid or astaxanthin solution was 
mixed with 100ul DPPH solution for 30 minutes or 30 hours with vigorous shaking 
at room temperature. After the reaction absorbance at 517nm was measured and the 








𝐴𝑏𝐶𝑜𝑛𝑡𝑟𝑜𝑙  is the absorbance of the groups with only DPPH and 𝐴𝑏𝐴𝑂  is the 
absorbance of the groups of the mixture of DPPH and various concentrations of 
antioxidants. 
 
2.5 Antioxidant treatment 
Cells were treated with either ascorbic acid (Sigma Aldrich, St. Louis, MO, 
USA) or astaxanthin (Sigma Aldrich, St. Louis, MO, USA) in DMEM/F-12 without 
phenol red to study their antioxidative effect on ARPE-19 cells. Ascorbic acid 
containing medium was made from ascorbic acid stock (0.5M in PBS) and 
astaxanthin containing medium was made from astaxanthin stock (1mg/ml in 
DMSO). Cells were pretreated with ascorbic acid or astaxanthin for 6 hours and then 
they were irradiated by UVB or exposed to hydrogen peroxide. For UVB irradiation 
group, after pretreatment, used medium was changed to the fresh medium containing 
the same concentrations of compounds and followed the UVB irradiation (20mJ/cm2 
or 100mJ/cm2) procedure. For the H2O2 exposure group, after pretreatment, the used 
medium was changed to the fresh medium containing the same concentrations of the 
compounds with a sublethal or lethal dose of H2O2 (0.2mM or 0.4mM).  
 
2.6 MTT assay 
3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) 
(Sigma Aldrich, St. Louis, MO, USA) was used to determine cell viability. MTT is 




activity. The procedure was done following the manufacturer’s instructions. Briefly, 
after antioxidants, UVB, or H2O2 treatment to the cells, the medium was removed 
and MTT (0.5mg/ml) was added diluted in serum-free medium. After 3 hours of 
incubation at 37°C in a humidified 5% CO2 incubator, MTT containing medium was 
carefully aspirated from the well and DMSO was added to each well to solubilize 
formazan crystals. Absorbance at 570nm was measured using a microplate reader 
(EPOCH 2, BioTek Instruments Inc. Winoosky, VT, USA) with a reference 
wavelength of 630nm. Cells untreated or treated with the only vehicle were set to be 
100% cell viability for the normalization of the absorbance and experiments had 
more than three replicates for each condition. 
 
2.7 Crystal violet assay 
The relative number of cells attached to the bottom of the well was measured 
by crystal violet uptake assay. The procedure was done as previously described [49]. 
Briefly, after UVB, or H2O2 treatment to the cells, the medium was removed, and 
cells were fixed with 4% paraformaldehyde in 4°C. After they were washed 3 times 
and 0.1% crystal violet (Sigma Aldrich, St. Louis, MO, USA) in 10% ethanol was 
added to each well for 5 minutes. After washing 3 times, the remaining stain was 
dissolved in 10% acetic acid and absorbance at 540nm was measured.  
 
2.8 DCFH-DA intracellular ROS level assay 
Intracellular ROS level was measured by 2′,7′-Dichlorodihydrofluorescein 
diacetate (DCFH-DA) assay. DCFH-DA is cell-permeable and is not fluorescent 




and become impermeable to the cell membrane. It then reacts with ROS to be highly 
fluorescent 2',7'-dichlorofluorescein (DCF). Before UVB irradiation or H2O2 
exposure, cells were cultured with 10uM DCFH-DA (Sigma Aldrich, St. Louis, MO, 
USA) in DMEM/F-12 without phenol red for 30 minutes at 37°C in a humidified 5% 
CO2 incubator. After incubation, they were washed 2 times in PBS and antioxidant 
treatment, UVB irradiation or H2O2 exposure was done following measurement of 
fluorescence of DCF at excitation and emission wavelength of 495nm and 529nm, 
respectively with a microplate reader (Synergy Mix, BioTek Instruments Inc. 
Winoosky, VT, USA). Cells untreated or treated with the only vehicle were set to be 
100% intracellular ROS level for the normalization of the fluorescence intensity and 







3.1 H2O2 decreases viability of ARPE-19 cells and 
increases their intracellular ROS 
To establish the H2O2-induced oxidative stress model in ARPE-19 cells, 
different concentrations of H2O2 were treated to the cells and their viability and 
intracellular ROS level were measured. Viability measured with MTT assay 
decreased as the concentration of treated H2O2 increased. When cells were treated 
with 0.4mM H2O2, they showed the viability of 66% and the viability change was 
the greatest between 0.2mM and 0.6mM. (Fig. 1A) Crystal violet assay resulted in a 
similar aspect of viability change as MTT assay with 69% of viability at 0.4mM. 
(Fig. 1B) This trend was confirmed in bright field imaging. (Fig. 1D) Intracellular 
ROS level increased dependently to the concentration of H2O2. (Fig. 1C) The mean 
value of the ROS level measured in 0.8mM H2O2 increased to 176% compared to 
the control group. As cell viability changed rapidly at 0.4mM H2O2, 0.4mM was set 
to be a lethal dose of H2O2 and 0.2mM was set to be sublethal dose. 
 
3.2 UVB irradiation decreases the viability of ARPE-19 
cells and increases their intracellular ROS 
To establish the UVB-induced oxidative stress model in ARPE-19 cells, 
different doses of UVB were exposed to the cells and their viability and intracellular 




dose of UVB irradiation increased. When cells were exposed to 20mJ/cm2 UVB, 
they showed the viability of 80% and with 100mJ/cm2 UVB, the viability was 60%. 
(Fig. 2a) In a crystal violet assay with the same range of UVB dose, the viability 
dropped to 78% at 20mJ/cm2 UVB and to 72% at 100mJ/cm2 UVB. (Fig. 2B) 
Morphological change of the cells was observed in bright field imaging. Cells 
became rounder and holes in the monolayer were observed as UVB dose increased. 
(Fig. 2D) Intracellular ROS level increased dependently to the UVB dose. (Fig. 2C) 
The mean value of ROS level measured at 20mJ/cm2 UVB increased to 140% and 
270% at 100mJ/cm2 UVB compared to the control group. 20mJ/cm2 UVB where the 
cells show 80% of viability without significant morphological change was set to be 
the sublethal dose of UVB and 100mJ/cm2 UVB where the cells show 60% of 
viability with morphological change was set to be the lethal dose of UVB.  
 
3.3 Ascorbic acid and astaxanthin show antioxidative 
effect by scavenging DPPH 
DPPH scavenging assay was performed with ascorbic acid and astaxanthin. 
(Fig. 3) 0.025mM, 0.1mM, 0.4mM, and 1.6mM of ascorbic acid dissolved in DMSO 
were mixed with DPPH solution and each concentration scavenged 33%, 52%, 57%, 
73% of DPPH respectively after 30 minutes of reaction. (Fig. 3A) When 75uM, 
85uM, 95uM, and 105uM astaxanthin dissolved in DMSO were reacted with DPPH 
solution for 30 minutes, 44%, 50%, 64%, and 69% of DPPH were scavenged 






3.4 Ascorbic acid has an antioxidative effect on ARPE-19 
cells under H2O2-induced oxidative stress 
ARPE-19 cells were pretreated with various concentrations of ascorbic acid 
or astaxanthin for 6 hours and then they were treated together with H2O2 and the 
same concentrations of antioxidants for another 3 hours. Viability after the treatment 
was assessed with MTT assay. When groups treated together with ascorbic acid and 
H2O2 they showed increased viability compared to controls. Cells treated only with 
0.2mM H2O2 showed the viability of 80% and groups treated together with ascorbic 
acid showed 81%, 107%, and 126% of viability respectively for 250uM, 500uM, 
and 750uM of the drug concentration. (Fig. 4A) For 0.4mM H2O2 treatment, the 
control group showed 58% of viability while 250uM, 500uM, and 750uM of 
ascorbic acid increased the viability to 64%, 72%, and 95% respectively. (Fig. 4B) 
On the other hand, astaxanthin did not show any significant effect on the viability of 
ARPE-19 with H2O2 induced oxidative stress.  
 
3.5 Ascorbic acid and astaxanthin have an antioxidative 
effect on ARPE-19 cells under UVB-induced oxidative stress 
ARPE-19 cells were pretreated with various concentrations of ascorbic acid 
or astaxanthin for 6 hours and then they were irradiated with UVB. Viability 24 
hours after the irradiation was assessed with MTT assay. When cells were pretreated 
with ascorbic acid and then UVB irradiated with it, the cell viability increased 
compared to the UVB irradiation-only group. Cells irradiated only with 20mJ/cm2 




showed 92%, 102%, and 130% of viability respectively for 250uM, 500uM, and 
750uM of the drug concentration. (Fig. 5A) For 100mJ/cm2 UVB irradiation, the 
control group showed 66% of viability while 250uM, 500uM, and 750uM of 
ascorbic acid increased the viability to 68%, 78%, and 109% respectively. (Fig. 5B) 
Astaxanthin treated cells also showed increased viability compared to the control 
group. 10uM, 20uM, and 40uM astaxanthin group showed 95%, 101%, and 102% 
respectively after 20mJ/cm2 UVB irradiation and 67%, 74%, and 83% after 
100mJ/cm2 UVB irradiation.  
 
3.6 Ascorbic acid reduces the intracellular ROS level of 
ARPE-19 
The effect of ascorbic acid on the intracellular ROS level of ARPE-19 cells 
was studied with DCFH-DA assay. (Fig. 6) The intracellular ROS level was 
measured after cells were treated with H2O2 or UVB with or without 500uM ascorbic 
acid. H2O2 of 0.2mM and 0.4mM increased the intracellular ROS level to 123%, and 
135% compared to the non-treated group while ascorbic acid treated group showed 
reduced ROS level of 33%, and 34% respectively. UVB of 20mJ/cm2 and 100mJ/cm2 
UVB increased the intracellular ROS level to 123%, and 234% respectively and 
500uM ascorbic acid treatment reduced the ROS level to 105%, and 115%. This 
fluorescence difference between groups were confirmed with fluorescence 





3.7 Astaxanthin and ascorbic acid show antioxidative 
effect by reducing intracellular ROS in ARPE-19 cells 
Because of astaxanthin’s poor solubility in an aqueous environment, its 
antioxidative capacity in aqueous solution was tested using DPPH assay with PBS 
as a diluting solvent instead of DMSO. In an aqueous environment, unlike DPPH 
assay done in DMSO, astaxanthin showed poor antioxidative capacity with 60uM 
astaxanthin scavenging only 12% DPPH when reacted for 30 minutes while after 30 
hours of reaction, 40uM of astaxanthin scavenged 52% of DPPH and 60uM 
astaxanthin scavenged 95% of DPPH. Based on this result that astaxanthin needs an 
extended period of reaction time to show antioxidative capacity in an aqueous 
environment, its effect on cell viability under H2O2 – induced oxidative stress was 
assessed with longer treatment time.  
ARPE-19 cells were pretreated with either 20uM astaxanthin, 90uM 
ascorbic acid, or a mixture of 20uM astaxanthin and 90uM ascorbic acid. Then the 
cells were exposed to 0.2mM H2O2 together with the same drug condition but for 24 
hours based on the DPPH assay result that astaxanthin needs extended reaction in an 
aqueous environment to have an antioxidative effect. When cells were exposed to 
0.2mM H2O2 for 24 hours, the viability decreased to 75%. 20uM astaxanthin and 
90uM ascorbic acid treatment could increase the viability to 97% and 93% 
respectively. The mixture of 20uM astaxanthin and 90uM ascorbic acid increased 
the viability to 129%. (Fig. 7B) Each drug could also decrease the intracellular ROS 
level. (Fig. 7C) When cells were treated with 0.2mM H2O2 for 24 hours, the 




acid treatment reduced the ROS level to 169%, and 135% respectively. The mixture 





Fig. 1. Change of viability and intracellular ROS level in ARPE-19 cells after 
exposure to hydrogen peroxide 
 
H2O2 decreases viability of ARPE-19 cells and increases their intracellular ROS 
The response of ARPE-19 cells to 0-0.8mM H2O2 exposure for 3 hours for MTT 
assay (A), and crystal violet assay (B) to determine cell viability. For intracellular 
ROS level, DCFH-DA assay was done 30 minutes after the H2O2 exposure. (C) 
Exposure to H2O2 reduced the cell viability (A and B) and increased the intracellular 
ROS level. (C) The cell morphology was observed with bright field microscopy 
(Scale bar 500um) (D) higher magnification (Scale bar 100um). (E) 
 
Note: Asterisks indicate a significant reduction in cell viability or increment in ROS 





Abbreviations: MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 







Fig. 2. Change of viability and intracellular ROS level in ARPE-19 cells after UVB 
irradiation 
 
UVB irradiation decreases the viability of ARPE-19 cells and increases their 
intracellular ROS 
The response of ARPE-19 cells 24 after 0-100mJ/cm2 UVB irradiation with MTT 
assay (A), and crystal violet assay (B) to determine cell viability. For intracellular 
ROS level, DCFH-DA assay was done 30 minutes after the UVB irradiation. (C) 
Irradiation by UVB reduced the cell viability (A and B) and increased the 
intracellular ROS level. (C) The cell morphology was observed with bright field 
microscopy (Scale bar 500um) (D) higher magnification (Scale bar 100um). (E) 
 
Note: Asterisks indicate a significant reduction in cell viability or increment in ROS 





Abbreviations: UVB, ultraviolet B; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-







Fig. 3. DPPH scavenging activity of ascorbic acid and astaxanthin 
 
Ascorbic acid and astaxanthin show antioxidative effect by scavenging DPPH 
The antioxidative capacities of ascorbic acid and astaxanthin were determined by 
their capabilities to scavenge DPPH. 0.025-1.6mM of ascorbic acid was reacted with 
DPPH (A), and 75-105uM of astaxanthin was reacted with DPPH. (B) The 
compounds were diluted in DMSO. Both compounds scavenged DPPH in dose-
dependent way in 30 minutes of reaction time.  
 






Fig. 4. Effect of ascorbic acid and astaxanthin on hydrogen peroxide-induced 
oxidative stress model of ARPE-19 
Ascorbic acid has an antioxidative effect on ARPE-19 cells under H2O2-induced 
oxidative stress. 
The effect of various concentration of ascorbic acid or astaxanthin (pretreated for 6 
hours and co-treated with H2O2 for 3 hours) on the response of ARPE-19 cells to 
sublethal or lethal dose of H2O2 (0.2mM and 0.4mM). The cell viability was 
determined by MTT assay. Treatment of ascorbic acid (500-750uM) significantly 
increased ARPE-19 cell viability following 0.2mM H2O2 exposure. However, 
astaxanthin (10-40uM) did not significantly affect the cell viability. (A) Ascorbic 
acid (500-750uM) also significantly increased the cell viability under 0.4mM H2O2 
but astaxanthin (10-40uM) did not have significant effect on the viability. (B) 
 
Note: Asterisks indicate a significant increment in cell viability compared with cells 






Abbreviations: AA, ascorbic acid; AST, astaxanthin; MTT, 3-(4,5-dimethylthiazol-




Fig. 5. Effect of ascorbic acid and astaxanthin on UVB-induced oxidative stress 
model of ARPE-19 
Ascorbic acid and astaxanthin have an antioxidative effect on ARPE-19 cells 
under UVB-induced oxidative stress 
The effect of various concentration of ascorbic acid and astaxanthin (pretreated for 
6 hours and additional 24 hours after UVB irradiation) on the response of ARPE-19 
cells to sublethal or lethal dose of UVB (20mJ/cm2 and 100mJ/cm2). The cell 
viability was determined by MTT assay 24 hours after the irradiation. Treatment of 
ascorbic acid (500-750uM) and astaxanthin (20-40uM) significantly increased 
ARPE-19 cell viability following 20mJ/cm2 UVB irradiation. (A) Ascorbic acid 
(500-750uM) and astaxanthin (20-40uM) also significantly increased the cell 
viability after 100mJ/cm2 UVB irradiation. 
 
Note: Asterisks indicate a significant increment in cell viability compared with cells 












Fig. 6. Intracellular ROS level of ARPE-19 after hydrogen peroxide and UVB 
treatment with ascorbic acid 
Ascorbic acid reduces the intracellular ROS level of ARPE-19 
The effects of ascorbic acid on the intracellular ROS level of ARPE-19 under H2O2 
or UVB-induced oxidative stress were examined by DCFH-DA assay. 500uM of 
ascorbic acid significantly reduced the intracellular ROS level under sublethal and 
lethal dose of H2O2 (0.2-0.4mM) compared to the control group without ascorbic 
acid treatment. (A) and 500uM of ascorbic acid also significantly reduced the ROS 
level after UVB irradiation (20-100mJ/cm2) compared to groups with UVB 
irradiation only. (B) The fluorescence was observed with fluorescence microscopy. 
(Scale bar 250um) (C) 
 
Note: Asterisks indicate a significant reduction in ROS level compared with control 

























































Abbreviations: ROS, reactive oxygen species; UVB, ultraviolet B; DCFH-DA, 2′,7′-






Fig. 7. DPPH assay of astaxanthin in aqueous environment and effects of the mixture 
of ascorbic acid and astaxanthin 
Astaxanthin and ascorbic acid show antioxidative effect by reducing 
intracellular ROS in ARPE-19 cells 
Antioxidative capacity of astaxanthin in aqueous environment was examined with 
DPPH assay and based on the result, modification was made to astaxanthin treatment 
scheme under H2O2-induced oxidative stress model. When astaxanthin was diluted 
in PBS and reacted with DPPH for 30 minutes, it showed poor antioxidative capacity 
while when it was reacted for 30 hours, DPPH scavenging activity was significantly 
increased. (A) The effect of 20uM astaxanthin, 90uM ascorbic acid and the mixture 
of the two compounds on the cell viability of ARPE-19 under H2O2-induced 
oxidative stress was examined by MTT assay. Cell viability was significantly 
increased when the cells were pretreated with 20uM astaxanthin, 90uM ascorbic acid, 
and the mixture of the two compounds for 6 hours and with 0.2mM H2O2 for 24 






Note: Asterisks indicate a significant difference between DPPH scavenging activity, 
increment in cell viability, or reduction in intracellular ROS level compared to 
control cells only with H2O2 exposure without antioxidant treatment (* P < 0.05, ** 
P < 0.01, *** P < 0.001). 
 
Abbreviations: DPPH, 2,2-Diphenyl-1-picrylhydrazyl; AST, astaxanthin; AA, 
ascorbic acid; ROS, reactive oxygen species; PBS, phosphate buffered saline; MTT, 








In this study, antioxidative properties of ascorbic acid and astaxanthin were 
evaluated based on hydrogen peroxide-induced and UVB-induced oxidative stress 
models within ARPE-19 cells. Studies have found that hydrogen peroxide and UVB 
have different effects on cells regarding oxidative stress. First, even directly adding 
hydrogen peroxide in the cell culture medium results in a short-term exposure 
because its concentration decreases rapidly in the presence of the cells. Hydrogen 
peroxide can penetrate the cell easily, but it is also reduced rapidly by the 
antioxidative mechanism. [41] On the other hand, UVB has a lingering effect on the 
cells by directly damaging DNA, causing gene mutation, and modifying gene 
expression, and enzyme activity along with increasing ROS level. [50] UVB-induces 
damage is mediated by two different pathways. One is by ROS generated 
immediately after the irradiation and the other is reactive nitrogen species in the later 
time point. [51] As a result, even with a single and momentary exposure to UVB, 
the viability of the exposed cells decreases in the course of time. [50]  
Based on the precedent research, viability change of ARPE-19 cells was 
evaluated after 3 hours and 24 hours respectively for hydrogen peroxide model and 
UVB model. 0-0.8mM of H2O2 was exposed to ARPE-19 cells and their viability 
was dose-dependently reduced and intracellular ROS level was increased. UVB also 
reduced the cell viability and increased the intracellular ROS level but the H2O2 
seemed to decrease the viability exponentially. One explanation can be that because 




RPE cell [52], weakening the cell adhesion to the bottom of the well, the cell viability 
assay result may have been affected. This can also explain the lower cell viability at 
0.4mM of H2O2 than 40mJ/cm2 UVB even though cells with H2O2-induced oxidative 
stress have lower ROS level. 
Within the condition of sublethal and lethal doses of hydrogen peroxide and 
UVB, antioxidative potencies of ascorbic acid and astaxanthin were evaluated. 
Although their antioxidative properties had been studied and have moved on to 
patients with age-related retinal diseases (AREDS, CARMIS), there are 
controversies about whether they have a protective effect on cellular oxidative stress 
model. In one study, ascorbic acid did not have a protective effect on Fenton-
reaction-mediated oxidative stress model of ARPE-19 but it rather decreased the cell 
survival ratio at a low concentration (0.1-1mM) compared to the group without 
ascorbic acid. [53] This was also the case for tert-butyl hydroperoxide (t-BOOH)-
induced oxidative stress model. In a study by Kagan et al, ascorbic acid (0.02-0.2mM) 
also decreased the cell viability of ARPE-19 with oxidative stress induced by t-
BOOH. [54] The effect of t-BOOH in porcine RPE also could not be diminished by 
ascorbic acid. [55] In our study, however, ascorbic acid increased the viability of the 
cells even at a low concentration where studies mentioned above suggest it decrease 
the viability and this was confirmed within two different oxidative stress models 
mediated by hydrogen peroxide and UVB. While the central mechanism of t-BOOH 
to induce oxidative stress is by generating alkyl radicals, [56] hydrogen peroxide is 
the central redox signaling molecule in general [42] forming hydroxy radicals, [57] 
which can react intracellularly to generate various radicals including alkyl radical. 




oxidative stress, and UVB model mediates hydrogen peroxide as the central 
signaling molecule, [59] our result based on both models is more convincing.  
Ascorbic acid neutralized the effect of the oxidative stress inducer in both H2O2 
and UVB model but astaxanthin only did so in UVB-induced stress model. 
Astaxanthin is known to have poor solubility in water [60]. Despite its low solubility 
in water, its hydrophilic property made it possible to be introduced to tissues and 
cells solubilized in fat. [61] Then it enters the cell via passive diffusion through the 
cell membrane and the absorption increases in a time course. [62] This led to an idea 
that the treatment period is possibly a reason. DPPH assay with PBS as a solvent 
was done to study ROS scavenging ability of astaxanthin in aqueous solution. As 
expected, astaxanthin showed poor antioxidative capacity which presumably 
because of its poor solubility in aqueous solution but it increased after a longer 
period of the reaction time of 30 hours. Based on this result, the antioxidative effect 
of astaxanthin was evaluated again in H2O2 induced oxidative stress model with 
longer treatment time and it increased the cell viability and decreased the 
intracellular ROS level. With the finding that extended time is needed for astaxanthin 
to act as an antioxidant, the synergistic effect of ascorbic acid and astaxanthin was 
evaluated. The combination of ascorbic acid and astaxanthin showed better 
antioxidative effect compared to each drug alone. 
 In summary, the antioxidative effect of ascorbic acid and astaxanthin was 
evaluated in this study using two different oxidative stress models achieved by 
hydrogen peroxide and UVB. Despite controversies questioning the antioxidative 
property of ascorbic acid, it was shown in this study that ascorbic acid diminishes 




peroxide and UVB which reflect general circumstance of oxidatively stressed 
environment. This study also compared the ROS scavenging capacity of astaxanthin 
in aqueous and organic environment concluding that in aqueous solution, 
astaxanthin takes more time to show its antioxidative property which is also applied 
to the cultured cell system. Synergistic effect of ascorbic acid and astaxanthin was 
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